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[57] ABSTRACT

A horizontal multi-link type robot has servomotors for
rotating first and second arms, respectively. These ser-
vomotors are mounted to a first arm support shaft so as
to be symmetrical with respect to this shaft. The first
arm is mounted to the first arm support shaft so as to be
rotatable in a horizontal plane. The second arm is
mounted to a second arm support shaft, which extends
parallel to the first arm support shaft and is rotatably
held to the first arm. A tool holding shaft extends paral-
lel to the second arm support shaft and is rotatably held
to the second arm.

3 Claims, 4 Drawing Figures
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1
HORIZONTAL MULTI-LINK TYPE ROBOT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a horizontal multi-
link type robot in which a plurality of arms are con-
nected together and to a support shaft capable of mov-
ing up and down such that the arms can revolve around
vertical lines.

2. Discussion of the Background

In a conventional horizontal multi-link type robot
where arms rotate about vertical lines, a first arm which
1s rotatable about a vertical line is mounted to the upper
end of a translation portion which moves up and down
relative to the base. A second arm 1s mounted rotatable
about an axis parallel to the vertical hine about which
the first arm rotates.

Generally, 1n horizontal multi-link type robots of this
kind, the servomotor for rotating the second arm has
been mounted so as to protrude from an upper portion
of the first arm in coaxial relation to the axis about
which the first arm rotates, while the servomotor for
rotating the first arm has been mounted to an upper
portion of the outer surface of the translation portion on
the opposite side to the second arm. Accordingly, the
robot of this construction requires a large space for
installation.

In an attempt to solve the aforementioned problem,
the servomotor for rotating the second arm has been
mounted to a lower position on the first arm, and the
second arm has been mounted rotatable about the shaft
to which the first arm is held. In this construction, how-
ever, the first and second arms and the servomotor for
the second arm are all held to the shaft on the side of the
second arm, and therefore the moment about the shaft
to which the first arm is held is greatly imbalanced. The
result 1s that a greater load is imposed on the servomo-
tor for the first arm. Further, since the servomotor for
the first arm is mounted to an upper position on the
outer surface of the translation portion on the opposite
side from the second arm, it is technically impossible to
mount the servomotor for the first arm to a lower posi-
tion on the first arm and on the opposite side of the first
arm support shaft from the second arm.

SUMMARY OF THE INVENTION

Accordingly, it is the main object of the present in-
vention to provide a horizontal multi-link type robot
which 1s free from the foregoing difficulties with the
conventional robots.

It 1s a more specific object of the invention to provide
a horizontal multi-link type robot which has two such
servomotors for respectively rotating first and second
arms that are disposed at lower positions in the first arm
and on opposite sides of the shaft to which the motors
are held, whereby the robot can be made compact.
Further, the moment about the shaft to which the first
and second arms are held can be reduced, and the load
imposed on the servomotor for the first arm can be
decreased.

Other objects and features of the present invention
will become obvious upon an understanding of the illus-
trative embodiment about to be described or will be
indicated in the appended claims, and various advan-
tages not referred to herein will occur to one skilled in
the art upon employment of the invention in practice.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic side elevation of a horizontal
multi-link type robot according to the present inven-
tion;

FIG. 2 is a cross-sectional view of the mechanism for
moving up and down the first arm of the robot shown in
FIG. 1;

FI1G. 3 is a cross-sectional view of the mechanisms for
rotating the first and second arms, respectively, of the
robot shown 1n FIG. 1; and

FI1G. 4 1s a cross-sectional view of the mechanism for
rotating the tool holding shaft shown in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring first to FIG. 1, the entire construction of a
horizontal multi-link type robot embodying the concept
of the present invention is shown. The robot has a base
10 in which a first arm support shaft (described later) is
held movable up and down. A first arm 11 1s mounted to
the upper end of this shaft so as to be rotatable about a
vertical line. A second arm 12 is held to the front end of

‘the first arm 11 such that it can rotate about an axis

parallel to the axis about which the first arm 11 rotates.
A tool holding shaft 13 is mounted to the front end of
the second arm 12 so as to be rotatable about an axis
parallel to the axis about which the second arm 12 ro-
tates. The lower end of the tool holding shaft 13 is
provided with jaws 14, to which various tools can be
installed according to the operation to be effected. The
components of the robot are hereinafter described in
detail.

Referring next to FIG. 2, a threaded rod 20, onto
which a nut 21 is fitted, is held within the base 10 at a

lower position such that the rod can rotate about a

vertical axis. A hollow, first arm support shaft 22 is held
vertically slidable along the axis of the rod 20 at a
higher position within the base 10. However, rotation of
the shaft 22 is not allowed. The aforementioned nut 21
is firmly fixed to the lower end of the shaft 22. A
toothed belt pulley 23 is installed to the lower end of the
threaded rod 20, and a timing belt 24 is trained around
the pulley 23 and another toothed belt pulley 2§, which
1s installed to the lower end of a servomotor 26 secured
to the base 10 at a lower position. Rotation of the servo-
motor 26 is transmitted to the threaded rod 20 via the
belt pulley 25, the timing belt 24, and the belt pulley 23,
and the rod 20 vertically moves the first arm support
shaft 22 via the nut 21 screwed to the rod 20. A cover
27 is instalied to the base 10 so as to cover the servomo-
tor 26.

Referring now to FIGS. 3 and 4, the body of a first
arm 30 1s held to the first arm support shaft 22, which is
movable up and down. The body of the first arm 30 1s
rotatable in a horizontal plane. Mounted to the under-
side of the body 30 are two harmonic drives 33 and 34
(hereinafter referred to as reduction mechanisms) to
which servomotors 31 and 32 are connected, respec-
tively. The reduction mechanisms 33 and 34 are dis-
posed 1n parallel to the body of the first arm 30 and at
positions which are substantially symmetrical with re-
spect to the first arm support shaft 22. A first driving
shaft 35 1s connected to the reduction mechanism 33 and
is rotatably held to the body of the first arm 30 above
the mechanism 33. A driving gear 36 is mounted to the
upper end of the first driving shaft 35, and an intermedi-
ate gear 37 which is rotatably held to the body of the
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first arm 30 meshes with the driving gear 36. The inter-
mediate gear 37 also meshes with a toothed wheel 38
which is securely fixed to the upper end of the first arm
support shaft 22. Rotation of the servomotor 31 is trans-
mitted to the driving gear 36 via the reduction mecha-
nism 33 and the first driving shaft 35. As the toothed
wheel 38 is made stationary, the intermediate gear 37 is
rotated around the wheel 38. Therefore, the body of the
first arm 30 rotatably supporting the intermediate gear

37 is rotated around the first arm support shaft 22. A
second driving shaft 39 is connected to the reduction

mechanism 34 and is rotatably held to the body of the
first arm 30 above the mechanism 34. A toothed belt
pulley 40 is installed to the upper end of the second
driving shaft 39, and a timing belt 41 is trained around
the pulley 40.

Referring specifically to FIG. 4, a second arm sup-
port 50 is held to the body of the first arm 30 so as to be
rotatable about an axis parallel to the second driving
shaft 39. The shaft S0 is disposed along the line passing

10

i5

through the second driving shaft 39 and the first driving ©

shaft 35 and is located on the side of the second shaft 39.
A toothed belt pulley 51 is mounted to the upper end of
the support shaft 50 and trained around the above-
described timing belt 41. Firmly secured to the lower
end of the shaft 50 is the body of a second arm 52, to
which a servomotor 53 is mounted in perpendicular
relation to the shaft 50. Rotation of the servomotor 32 is
transmitted to the toothed belt pulley 40 via the reduc-
tion mechanism 34 and the second driving shaft 39. The
pulley 40, 1n turn, rotates the shaft 50 via the belt 41 and
the pulley 51. Then, the rotation of the shaft 50 turns the
body of the second arm 52, which is fixed to the shaft
50, around the shaft 50. A supporting body 54 is firmly
secured to the front end of the body of the second arm
52 which is located on the opposite side of the body 52
from the servomotor 53. The aforementioned tool hold-
ing shaft 13 is held to the supporting body 54 so as to be
rotatable about an axis parallel to the second arm sup-
port shaft 50. A bevel gear 55 is mounted to the upper
end of the tool holding shaft 13 and is connected to the
servomotor 53 via a reduction mechanism 56 and a
transmission shaft §7, so that rotation of the servomotor
53 1s transmitted to the bevel gear 55. The reduction
mechanism 56 is rotatably held to the body of the sec-
ond arm 352. An upper cover 42 which covers from the
first driving shaft 35 to the second arm support shaft 50
1s mounted above the body of the first arm 30. A lower
cover 43 spreads over the servomotors 31 and 32 and is
mounted to the body of the first arm 30 at the position
where it is joined to the upper cover 42. The lower
cover 43 is provided with an opening to allow the base
10 to be inserted in the cover. A second upper cover 58
provides cover from the servomotor 53 to the tool hold-
ing shaft 13 and is mounted above the body of the sec-
ond arm 52. The cover 58 is provided with an opening
to allow the second arm support shaft 50 to be inserted
in the cover §8. A second lower cover 59 covers from
the lower end of the upper cover 58 to the lower end of
the servomotor 53 and from the servomotor 53 to the
vicinity of the supporting body 54 and is mounted to the
body of the second arm 52 at the position where the
lower cover is coupled to the upper cover 58.

In the operation of the structure described above,
rotation of the servomotor 26 moves up and down the
first arm support shaft 22 relative to the base 10. Rota-
tion of the servomotor 31 turns the first arm 11 around
the first arm support shaft 22. Rotary motion of the
servomotor 32 1s transmitted to the second arm 12 via
the toothed belt pulley 40, timing belt 41, and toothed
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belt pulley 51. Therefore, the second arm 12 secured to
the front end of the first arm 11 is rotated around the
second arm support shaft §0. As the servomotor 53
mounted in the second arm 12 is rotated, the tool hold-
ing shaft 13 mounted to the front end of the second arm
12 1s rotated around a vertical axis.

As hereinbefore described, the novel structure is so
constructed that the servomotors for rotating the first

and second arms, respectively, are disposed at lower

positions in the first arm and juxtaposed on opposite
sides of the first arm support shaft. Consequently, the

robot can be made compact. Further, the moment about
the first arm support shaft can be reduced, and the load
imposed on the servomotor for rotating the first arm
can be decreased.

Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. It i1s therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. A horizontal multi-link type robot comprising:

a base,

a first arm support shaft held on the base so as to be
movable up and down,

a first driving mechanism for moving up and down the
first arm support shaft,

a first arm mounted on the first arm support shaft so as
to be rotatable in a horizontal piane,

a second driving mechanism for rotating the first arm,

a rotatable second arm support shaft held on the first
arm 1n parallel relation to the first arm support shaft,

a second arm mounted on the second arm support shaft,

a third driving mechanism for rotating the second arm,

a rotatable tool holding shaft held on one end of the
second arm in paralle] relation to the second arm
support shaft, and

a fourth driving mechanism for rotating the tool hold-
ing shaft,

wherein the second and third driving mechanisms in-
clude servomotors for driving the first and second
arms, respectively, the servomotors being mounted
on the first arm in such a manner that they are dis-
posed on a straight line passing through both the first
arm support shaft and the second arm support shaft
and at opposite sides of the first arm support shaft,
and

wherein said servomotors for driving the first and sec-
ond arms depend from the underside of the first arm
in parallel relation to the first arm support shaft.

2. A horizontal multi-link type robot as set forth in
claim 1, wherein said second driving mechanism in-
cludes a stationary gear firmly secured to the first arm
support shaft, a driving gear secured to the output shaft
of the servomotor for driving the first arm, and an inter-
mediate gear rotatably held on the first arm and mating
with both the stationary gear and the driving gear.

3. A horizontal multi-link type robot as set forth in
Claim 1, wherein said fourth driving mechanism in-
cludes a tool holding shaft driving servomotor extend-
ing horizontally and firmly secured to the other end of
the second arm so as to be diametrically opposite to the
tool holding shaft with respect to the second arm sup-
port shatt, a rod rotatably held on the second arm and
extending from said one end to said the other end of the
second arm for transmitting rotation of the tool holding
shaft driving servomotor, and a bevel gear mechanism

for transmitting rotation of the rod to the tool holding
shaft.
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